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SUMMARY:
Postharvestslashburning is a commonsitepreparationtechniqueusedthroughoutthe

southeasternUnitedStates. Little qualitativeinformationexistson thehydrologicresponseto
variousburn severities, This study wasconductedto comparetheeffectsof two burn
severitieson runoffandsedimentproductionduring arainfall simulationexperimentin the
SouthernAppalachianmountains. Sedimentyields increased40 fold betweenlow- and high-
severityburnplots.
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RUNOFFAND SEDIMENT PRODUCTIONAFTER SITE PREPARATIONBURNING

P.R. Robichaud & LA. Waldropt

INTRODUCTION
Foresters,hydrologists,andsoil scientistshavelong beenconcernedwith fire effects

on soil (Mend 1941, Wells et al., 1979), particularly with erosion following fires on steep
terrain (Van Lear and Kapeluck, 1989). Sediment production after fires, whether prescribed
or wildfire, is a serious problem nationwide. Little qualitative information is available on the
hydrologic and sedimentationeffectsof variousburn severitiesin timberharvestareas. The
USDA-ForestService,IntermountainResearchStationis developingphysicalprocessmodels
for usein estimatingonsiterunoff andsedimentproductionfrom timberharvestareasand
forestroads(Burroughset al. 1991). This effort is in conjunctionwith USDA-Agricultural
ResearchServiceWaterErosionPredictionProject(WEPP). The development,verification
andvalidation of suchmodelsdependson availability of plot runoff and sedimentdataunder
various managementconditions.

Post-timberharvestslashburning is themostcommonsite preparationtreatmentused
nationwide,singly andin combinationwith other treatments,to disposeof slash,reducethe
risk of insectsand fire hazards,prepareseedbeds,andsuppressplant competitionprior to
planting timber species. In theSouthernAppalachiansandPiedmontregionsof the
Southeast,site preparationburning is commonlyusedto convertlow-qualityhardwoodstands
to pine-hardwoodmixtures(Phillips andAbercrombie,1987).

Severaltypesof burning arecommonlyemployed:brown-and-burntechniqueswhich
useherbicidesto controlvegetationthenignite residuals;fell-and-burntechniqueswhich use
dry leaved-outslashto carry thefire; andlate summer/fallburnswhich usedying residual
vegetationto carry the fire, Themostimportantfactor affecting soil responseto burning is
fire severity,i.e., the conditionof the forest floor after burning (Wells et al., 1979). Severe
burnsconsumeall organicmatterandexposemineral soil. Thedepthof theorganiclayers
(forestfloor, humuslayer, root mat) abovemineralsoil mustbeconsideredprior to burning.
Burnsof similar intensity and residencetime will havegreaterimpacton siteswherethe
organiclayerwas thin beforeburning.

Water and sediment yields may be increased by burning. The amount of increase
depends on the severity of burning and theportion of the areaburned. Whenvegetationis
consumed,interceptionandevapotranspirationarereduced. Wheretheorganiclayersof the
forest floor areconsumedandmineralsoil exposed,infiltration andwaterstoragecapacities
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arereduced. The impactof fire effectsrangefrom very shortperiods(weeks) to decades
dependingon theseverityand intensityof the fire, and the rate of vegetative recovery, which
is influencedby both naturalconditionsandremedialmeasuresappliedby man (Baker,
1990).

Studieson theeffectsof burningon erosionin theSoutharelimited andresultsare
conflicting (DouglassandVan Lear, 1983). Van Learand Danielovich (1988) reported
erosionratesof 1.59t/ha/yr in theSouthernAppalachianMountainsaftera high-intensity
prescribedburn on slopesrangingfrom 21 to 43%. Shahlaeeet al. (1991)reportederosion
ratesof 0.95 t/hafor an 8-monthperiod on a 30% slopein theupperPiedmontundernatural
rainfall after a low severity burn. Another study in the upper Piedmont was conducted with
simulatedrainfall to examinetheeffectsof burning on eachlayerof the forestfloor
(Robichaudand Shahlaee,1991). Low severityburningincreasedsedimentproduction
elevenfoldcomparedto unburnedcontrolplots. RalstonandIHatchell (1971)reportedthat
soil losseswere7.4 t/ha/yrin a North Carolinaburn study. Thesereporteddifferencesare
likely dueto variousmethodsof assessingerosionandrunoff; andvariation in rainfall
intensities,slope,conditionsof thegroundsurfaceandplotsverseswatershedstudies,
Additional qualitativeinformationis neededto developphysical-basedmodelparametersto
predicteffectsof varioussite preparationburns on runoff andsedimentproduction.

Theobjectiveof this researchwas to comparethe effectsof low- andhigh- severity
fires, when using thefell-and-burnsite preparationtechnique,on runoff andsediment
productionundersimulatedrainfall.

METHODS AN]) SITE DESCRIPTION
The studywas conductedin theAndrew-PickensRangerDistrict of the Sumter

NationalForest,in northwestSouthCarolinaduringthe summerof 1991. This locationhad
a mixedpine-hardwoodforeston varying slopesup to 65% in the SouthernAppalachian
foothills. The region is transitionalbetweenthecentraldeciduousforestandtheprevailing
nine forestin theSoutheast.The study site was bisectedby a road/firebreakthat madeitr

suitablefor conductingtwo burn severitiesin the samestand. Slopeswithin the study area
rangedfrom 23% to 39% with asouthernaspect. Thepredominantsoil type is theCowee
Series,a fine-loamy,oxidic, mesicTypic Hapludult formedin residuum,from weathered
granite,gneiss,andschists.

Timberwas commerciallyharvestedon 14 haduring the winter of 1990/91 leaving
theundesirablestemsstanding. The stand consistedof 60% hardwoodand40% pine with an
averagebasalareaof 20.9m2/ha. Major overstoryhardwoodspeciesincluded: scarlet
(QuercuscoccineaMuench.), northern red (Q. falcata Michx.), black (Q. velutinaLam.),
and white (Q. alba L.), chestnut(Q. prinus L.) and post oaks (Q. stellataWangenh.).
Shortleaf pine (PinusechinataMill.) was the predominate overstory pine species.
Understoryandmidstory hardwoodsincludedred maple (Acerrubrum L.), blackgum (Nyssa
syvaticaMarsh.), sourwood (OxydendronarboreumL.), persimmon (Diopyrosvirginiana
L.), andblack cherry (PrunusserotinaEhrh.). Standing residual stems greater than 1.5 in
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tall were chain-sawfelled in May for thelow-severitytreatmentandmid-Junefor the high-
severity treatment.

Prior to and following burning, fuel loading andduff thicknessweredeterminedby
the line transectestimationmethod (Brown, 1974). Differencesin fuel load surveyswere
usedto determinetotal fuel consumptionandduff reduction. Fifteensemi-permanentplots
wereestablishedin a systematicgrid in eachburn area. Randomlyselected,15 m transect
lines were directed radially from each plot center for woody fuel measurements. Duff pins
were installed flush with the forest floor surface and measured after the fire to determine
total litter depth and litter consumption. Sufficient time was allowed after the burn for the
ash to bedispersedor settledbeforepost-burnmeasurementswere made.

Heatpenetrationinto the soil profile was measuredwith thermocouplesplaced 10 mm
abovethe forestfloor-mineral soil interface,at theforestfloor-mineral soil interface,and 10
mm into themineralsoil. Ten locationsfor eachburn treatmentwere usedto record
temperaturesduring thefire. Thermocouplemeasurementswererecordedat 15 sec intervals
on adataloggerburied nearby.

Burningprescriptionswereselectedwhich would produceconditionsof low- and
high-severity. The low-severityburn was conductedon June5, which was six daysaftera
rainfall that totaled37 mm overa 4-dayperiod. The high-severityburn was conductedon
July 15, 12 daysafter a rainfall of 44 mm. Other fuel andweathermeasurementsare
presentedin table 1 for both fires. The major differencesbetweenburning dateswas the
moisturecontentof theforestfloor layers(litter andduff). For the low-severitybum, litter
moisturewas65% andduff moisturewas 98%, while thesemeasurementsfor the high-
severityburnwere 6% and 37%, respectively. Both fires wereignited using strip headfire
techniquewith strips approximately20 m apart.

Table1. Fuel andweatherconditionsat thetimeof ignition for thelow- andhigh-severity
burns.

Measurements Low Severity High Severity

Relative humidity 48% 55%
Windspeed 5-11 kph 8-11 kph
Wind direction SE SE
Ambient temperature 180C 300C
Woody fuel moisture 17.7% 6.3%

(6-26 mm)
Litter moisture 65.2% 5.9%
Duff moisture 98.2% 36.9%
Soil moisture 35.7% 24.5%
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After eachburn, four erosionsites were locatedrandomlyin eachtreatmentareas
(eight total), excludingskid trails and landingsfor thesimulatedrainfall experiments. Each
site consistedof threeplots: one3 m wideby 7.5 m (22.5 m~ plot; two 0.5 wide by 1 m
(0.5 in2) plots adjacent to each 22.5 in2 plot. Plots were delineated by 150 mmsheet metal
placed vertically 50 mminto the ground.

A simulatedrainfall eventwasapplied to eachsite with a USDA-ForestService
modified Purdue type (oscillating nozzle) rainfall simulator with an average rainfall intensity
of 100 mm/hr. This was determinedby 12 raingaugeslocatedwithin andaroundthe
perimeter of the 22.5 in2 plots. Three 30-minute rainfall applications, of approximately 100
mm/hrintensity, wereappliedto theplots. Run 1 (dry run) was conductedwith theexisting
soil moisturecondition. After run 1, theplots were coveredwith plastictarps, andrun 2
(wet run) wasperformedthe following day. Run 3 (very wet run) was conductedabout30
minutesafterrun 2.

A coveredtroughat thelower endof eachplot conductedwaterandsedimentthrough
an outlet tubefor timed volume samples. Timed runoff sampleswerecollectedmanuallyin
1000 ml bottles. At theendof eachrun, anyremainingresidualsedimentwas washedfrom
the collectiontroughinto bottles. All sampleswere weighedandovendried to determine
runoff rates and sediment concentrations. Runoff rates were converted to millimeters of
runoff andsedimentproductionunits were kilogramsper hectareper millimeter of runoff.
The lattervalue is equivalentto concentrationsin milligram perliter divided by 100 andare
usedto removetheeffectsof different runoff volumes(Foltz andBurroughs,1990). The
two 0.5-in2plots were usedto compareeffectsof removingthe remainingforestfloor
(exposingbare soil) on runoff andsedimentproduction.

RESULTS AND DISCUSSION
The two burningprescriptionscreatedfires of widely differing behavior,resultingin

conditionsof low- andhigh-severity. The high-severitytreatmentproducedafire thatwas
hotter andfasterthan thelow-severityfire (table2). Flamelengthsin thehigh-severityburn
were approximatelytwice thoseof thelow-severityburn (6 vs 3 m) while therateof spread
was 12 times greater(18 vs 1.5 in/mm). After burning, theforest floor on thelow-seventy
site hada blackenedappearancewhile thehigh-severitysite was mostly brown with white ash
where logs had been consumed. A blackened appearance indicates that the forest floor was
charred but not entirely consumed (low severity) and the brown coloring is due to the
exposure of mineral soil, indicating a severe burn (Phillips and Abercrombie 1987). On the
low-severitysite, a portion of the litter layer was not consumedand the majority of theduff
layerremainedintact (table 2). On thehigh severity site, thelitter layer was entirely
consumedat almostall samplepointsand the duff layer was consumedat 47% of the sample
pointsaveragingonly 10 mm thick whereit was present.
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Table2. Selectedfire behaviorparametersand fuel consumptioncharacteristicsfor low- and
high-severityburns.

Measurement Low Severity High Severity

Firing technique strip headfire Strip headfire
Fuel moisture sticks 11 % 8%
Flame height 1-3m 2-6m
Fireline intensity 215 - 2945 kw/m 655 - 13,295 kw/m
Max. 10-mm average temperature
@ mineral soil surface 118W 436W
@ 10 mm below interface 50W 281 0C

Preburn litter depth 37 mm 29 mm
Postburn litter depth 10 mm 1 mm
Preburn duff depth 76 mm 42 mm
Postburn duff depth 53 mm 10 mm

Woody fuels (0-6 mm)
Preburn 0.87 t/ha 0.48 t/ha
Postburn 0.17 t/ha 0 t/ha

Woody fuels (7-25 mm)
Preburn 5.67 t/ha 2.24 t/ha
Postburn 2.76 t/ha 0.82 t/ha

Thermocouplemeasurementsconfirmedthe relativedifferencein fire severity. The
low-severity fire hadrelatively low temperatureswith a maximumof 1750C at the mineral
surface-duffinterfaceand700C at 10 mm into the mineralsoil (table2). The high severity
fire hadseveralreadingsover4500Cat themineralsurface-duffinterfaceand4000Cat 10
mm into the mineral soil.

Runoffrates,total sedimentandadjustedsedimentyields for thelargeplots (22.5 in2)

arepresentedin table 3. Averagerunoff ratesincreasedby 10-fold andtotal sediment
increased50-fold betweenthetwo burn severities. The slopesfor eachplot varied from 23
to 39%. A slopeadjustmentfactor (McCool et al, 1987) was usedto convertsedimentyield
valuesto a uniform slopeof 30%. Averagesedimentyields (kg/ha) increased40 times
betweenthe low- andhigh-severityplots after adjustment. If you comparesedimentyields
after normalizing for runoff (kg/ha-mm) there is only twice as much between treatments
which indicatestheincreaseis from increasedrunoff andnot changesin soil erodibility.
Variability washigh betweenplotsdue to differencesin infiltration rateswhich correspondto
varying runoff rates; this can also be seen by comparing the runoff/rainfall ratios. These
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differencesaredueto varying conditionsof theforest floor aftertheburn. Theburnis not
uniform over the entire area and there is physical variability in soil and forest floor
characteristics on forested hillslopes. Because of thesevariations,extrapolationof this data
to ahillslope or small watershedis inappropriate.

Table 3. Summary of runoff and sediment yields for the eight large plots (22.5 in2). Three
runs averaged.

Severity
and Plot

Runoff
(mm)

Total
Sediment

(g)

Runoff/
Rainfall
Ratio

Slope
(%)

Adjusted
Sediment Yields

(kg/ha) (kg/ha/mm)

Low 1 0.3 25.0 0.01 27 12.2 41.5

2 0.4 37.7 0.01 24 21,6 65.1

3 0.4 16.8 0.01 25 9.2 25.5

4 0.8 28.8 0.02 33 11.6 11.6

Average 0.5 27.1 13.6 35.9

High 1 12.8 3460.2 0.28 33 1386.7 108.5

2 1.4 263.9 0.03 39 89.4 65.6

3 0.5 27.2 0.01 34 10.7 24.6

4 7,4 1744.8 0.14 30 763.7 102.1

Average 5.5 1374.0 562.6 75.2

Table4. Effectsof rainfall events
eight largeplots (22.5 in2).

on runoff, total sedimentandsedimentyield from the

Run
(Rain AppI.)

Runoff
(mm)

Total Sediment
(g)

Adjusted Sediment Yields
(kg/ha-mm)

Dry 2.9a 944.4 a 77.3 a
Wet 2.9 a 587.5 a b 49.7 b

VeryWet 2.6a 424.1 b 42.0 b

-means with the same letter are not significantly different at 0.05 level of
probability.

If we look at all the plots together and compare effects of each rainfall event, each
eventsignificantly reducedtotal sedimentandsedimentyield (table4). Onewould expecta
continuousreductionof sedimentwith subsequentrainfall aslong astheintegrity of the
remainingforestfloor is left intact.
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The0.5-in2plotswereusedto examinetheeffectsof total removalof theremaining
forest floor exposingbaremineralsoil andexisting conditionsafterthefire (table5). Runoff
ratesincreased4 fold on thelow-severityplots andwereaboutthesameon thehigh-severity
plots. Total sedimentincreased35-fold on the low-severityplot anddoubledon the high-
severityplots. Adjustedsedimentyields showeda 37-fold increaseon the low-severityplots
andonly a2.5 fold increaseon thehigh-severityplots. Thus, thesmallerdifferences
betweenthehigh-severityplots indicatehow closeto a baresoil condition, thehigh-severity
fire was. This suggests that any additional disturbances to the forest floor such as skid trails
and landings could greatly increase the overall effect of on-site sediment production.

Table5. Summary of runoff andsedimentvaluesfor the 14 small plots (0.5 in2).

Severity
and Plot

Runoff
(mm)

Total
Sediment

(g)

Runoff/
Rainfall
Ratio

Slope
(%)

Adjusted
Sediment Yields
(kg/ha) (kg/ha/mm)

Low

1 No plots

2 Existing 0.9 3.8 0.02 24 97.6 119.9

Bare soil 13.2 210.4 0.30 24 5417.2 372.5

3 Existing 6.7 5.0 0.14 25 122.8 17.5

Bare soil 23.7 201.9 0.50 25 4984.5 253.8

4 Existing 5.1 6.7 0.11 33 119.9 22.9

Bare soil 12.7 125.7 0.28 33 2267.1 215.8

High

1 Existing 16.0 86.5 0.35 33 1560.6 83.9

Bare soil 17.7 175.1 0.40 33 3158.5 217.2

2 Existing 38.8 143.5 0.84 39 2186.9 56.4

Bare soil 24.5 196.8 0.53 39 2999.3 122.9

3 Existing 8.7 10.8 0.18 34 189.9 21.4

Bare soil 21.4 177.9 0.44 34 3133.9 156.2

4 Existing 17.9 56.1 0.35 30 1104.7 11.7

Bare soil 23.3 196.0 0.45 30 3861.6 174.5
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ManagementImplications
Two burn severitieswere conductedto examinetheir effectson runoff andsediment

production. Erosion plots were located away from skid trails and landings to examine only
theeffectof theseburn seventieson sedimentproduction. Both fires werewithin Forest
Service guidelines for conducting prescribed burns. A large difference in sediment
production can be -observed by comparing the two treatments. With -some care-in-the burning
prescription,sedimentyields it can bereducedto a negligibleamount. If landmanagerscan
meettheir silvicultural objectives with thelow-severityfire, sucha practicewill greatly
reducetheamount of sediment leaving the site and will preserve the site quality. By burning
with a low-severity fire, the residual forest floor provides excellent protection of the mineral
soil from raindropsplash,overlandflow detachment,andnil development. It alsoprovides
a largewaterholding capacityto helpplantedspeciessurvive.

Thesedataarebeingusedwith otherinformationto developa physicalprocess-
orientedmodelof sedimentproductionfrom timberharvestareas.
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